Introduction
Serological testing for anti-HIV1/2, HBsAg, anti-HBc, anti-HCV and anti-T. pallidum is mandatory for the viral safety of tissue donations in Germany (TPGGewV of March 26, 2008) [1] and the EU directives 2004/23/EC and 2006/17/ EC [2, 3] ). In accordance with EU directive 2006/17, postmortem blood may be used, if premortem samples are not available, but must be taken not later than 24 h postmortem. However, most CE-marked infectious disease test equipment is not validated for testing postmortem blood. Therefore, the Paul-Ehrlich-Institut (PEI), the German authority responsible for tissue preparations, recommends the validation of all test systems used for serological investigation of postmortem blood samples. In a previous study we successfully validated the serological testing for anti-HIV-1/2, anti-HCV, HBsAg ,and anti-HBc from postmortem blood on the Siemens-BEP-III System [4] . Here we present the validation of testing for antibodies against T. pallidum, which is the last marker obligatory for tissue release for transplantation.
Material and Methods

Blood Samples
From February to April 2010, postmortem blood samples were collected from 23 (no. 1-23 in the tables) and pre-and postmortem samples from another 10 cornea donors (nos. 24-33 in the tables) of the University Tissue Bank of the Charité, Cornea Bank Berlin, Campus VirchowClinic, Germany. Consent for tissue removal and serological tests were obtained in advance under the provisions of the German Transplantation Law (TPG). Age and sex of the donors as well as the time post mortem of sampling were documented, starting with serum no. 7 (table 3 to table 7 ). Serum no. 1-6 were only used for a pilot study (table 2). Immediately after standardized blood sampling (skin disinfection, puncture of the sub-
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Test Kits
The following test kit was used: SIEMENS Enzygnost ® Syphilis (Siemens Healthcare Diagnostics Products GmbH, Marburg; Germany). SIEMENS Enzygnost Syphilis is a competitive one-step enzyme immunoassay. T. pallidum-specific antibodies contained in the sample and the peroxidase(POD)-labeled antibodies (Anti-T. pallidum / POD conjugate) compete for binding to the T. pallidum antigens coated onto the wells of the microtitration plate [5] . The intensity of the color produced is inversely proportional to the activity of T. pallidum-specific antibodies contained in the sample. All measurements were performed in the Laboratory for Infectious Diseases, Serology of the Charité -University Medicine Berlin, Institute of Transfusion Medicine, Campus Charité Mitte, on the BEP III System (Siemens).
Presentation of Results and Statistics
In order to make results of different test runs (with different cutoffs) comparable, they are given as OD cutoff /OD sample ratio. Numbers equal to or greater than 1 represent positive results.
Results
Tissue Donors
All premortem samples obtained up to 7 days before death were unequivocally negative in all tests. The postmortem blood samples no. 7-33 were taken from 12 female and 15 male donors at the time of cornea removal. The median age of the donors was 67 years (48-78 years). The postmortem blood samples were collected between 11 and 58 h postmortem.
Determination of Standard Dilutions for Spiking Post Mortem Sera
For Standard I, a dilution of 1:125 and for Standard II a dilution of 1:25 was found to still give weakly positive results (table 1) and thus chosen as standard low spiking dilution for a pilot study with 6 postmortem sera. The high spiking dilution was arbitrarily set at 1:10.
clavian vein with sterile equipment, obtaining at least 6 ml postmortem whole blood), the samples were centrifuged at 3,000 × g for 15 min (Heraeus Multifuge 3 L-R, Langenselbold, Germany). The serum was divided in three portions and frozen at 30 ± 5 °C. 12-16 h before testing, the samples were transferred to a refrigerator with +2 to +8 °C. 
Spiking of Postmortem Serum Samples
pdf).
The PEI is currently not able to provide reference material for anti-T. pallidum testing. We wanted to spike the postmortem sera with a quantity of positive serum to give a low-positive and a high-positive test result. In order to find out the appropriate volumes for spiking, serial dilutions were made with a negatively tested blood donor serum and the negative control of the test kit and both positive standards, altogether 4 series. The serial dilution factor was 5, beginning with a 1:5 dilution and up to a dilution of 1:3,150. For the end of the series, the dilution factor was 2 (1:6,250 and 1:12,500). The samples were measured immediately after spiking and, after 24-and 60-hour storage at 4 °C. In order to confirm the correct dilution, a dilution series was tested with the same dilutions of a positive donor sample with a high titer of T. pallidum-specific antibodies.
We then tested 6 postmortem sera spiked with both standards to finetune the dilutions. High and low spiking was done in two steps to obtain the correct dilution.
Finally, we spiked the 17 postmortem samples of donors with postmortem material only and 8 out of the 10 samples of donors with pre-and postmortem samples. As the quantity of reference material Standard I was not sufficient for high and low spiking, only low spiking (corresponding to high dilution) was performed.
The first aliquot of the postmortem sample was tested unspiked as a negative control, the second aliquot was spiked with a high dilution of antibody, with expected results near the cut-off value (low-spiked), and the third aliquot was spiked with a high concentration of the antibody (high-spiked). The spiking was performed using a calibrated Biomaster ® Eppendorf pipette. The freeze-dried Standard I was dissolved in a sodium chloride solution (1 ml isotonic sodium chloride solution 0.9%, 
Testing of 17 Tissue Donors with Only Postmortem Samples
All 17 spiked samples were tested positive directly after spiking. In all 17 samples low-spiked with Standard I and II the cutoff-to-sample ratio was shifted slightly towards negative during the first 24 h (tables 3, 4). An exception is sample 13 spiked with adapted low concentration of Standard II, which was indeterminate immediately after spiking. Results were, however, comparable to those of the other sera after 24 and 60 h. Unfortunately, the quantity of this serum was not sufficient to repeat the spiking. For most samples, the cutoffto-sample ratio rose again when tested 60 h after spiking.
Testing of 10 Tissue Donors with Pre-and Postmortem Samples
Ten samples were tested of the 10 tissue donors of whom pre-as well as postmortem samples were available (table 5). All premortem samples were unequivocally negative. Two of the postmortem samples were false-positive. Both samples (no. 32 and 33) were visibly hemolytic. Free hemoglobin was 50 or 95 mg/dl. These two samples were excluded from spiking. Two other samples were visibly hemolytic, and the results shifted in the direction of positive, but as they were still clearly negative, they were not excluded from further analysis. For the remaining 6 non-hemolytic sera there was no substantial difference between the pre-and postmortem cutoff-tosample ratio.
When postmortem sera were tested (table 2), we found one sample false-negative (no. 1) and one sample false-equivocal (no. 3) for Standard I at a dilution of 1:125. For Standard II in a dilution of 1:25, we found one sample false-equivocal (no. 6) (table 2) . Therefore, we performed the further low-spiking procedures for Standard I in a dilution of 1:60 and for Standard II in a dilution of 1:20 for the low (adapted low in the tables) and 1:10 for the high spiking. high-spiked samples showed correct positive results for anti-T. pallidum. False-negative results were not observed (sample 27 low-spiked with Standard I was indeterminate when tested immediately after spiking, but positive in the two subsequent tests). Furthermore, no differences depending on the postmortem blood collection time, age, or sex could be demonstrated. The optical density of the samples did not change noticeably with increasing postmortem removal time (tables 6, 7). Differently from the results of the 17 spiked postmortem samples, there was no substantial difference when OD at 0, 24, and 60 h were compared.
Discussion
Serological testing of tissue donors for antibodies against T. pallidum in tissue donations in Germany is mandatory. The bacterium is transmissible by blood, and even if published transmissions by blood have become extremely rare, the incidence of syphilis in Germany is rising. This increase can be largely attributed to the group of men who have sex with men (MSM) [6] . In many tissues for transplantation, virus inactivation methods further reduce the 8 pre-and 8 postmortem samples were spiked with two different concentrations of Standard I and Standard II and tested 3 times within 60 h (tables 6, 7). Both the low-and false-negative results occurred at later time intervals and indicated a high stability of antibodies and antigens in the postmortem process [12] . We could not test for autolysis of antibodies against T. pallidum after death because none of the donors was antibody-positive from start nor was serial sampling in dead donors possible. As a surrogate, we obtained pairs of pre-and postmortem sera of 10 cornea donors. The negative premortem sera served as control that the donor was indeed not infected. Any positive result in postmortem serum would then be a false-positive result. We found 2 out of 10 false-positive results due to severe hemolysis (free hemoglobin > 50 mg/dl). Severely hemolytic sera are thus unsuitable for testing. False negativity may be due to inhibiting substances. To test for inhibiting substances, we spiked postmortem sera with antibody-positive standard sera in dilutions that give weakly positive results in blood donor sera. Weakly positive results were also obtained when negative postmortem sera were spiked. A small inhibiting effect may be assumed as optical densities of negative sera were shifted in the direction of negchance of transmission [7] . Active or past syphilis, however, is also an indication of a more sexually active lifestyle and hence of a greater likelihood of other sexually transmissible infections.
Screening for antibodies against T. pallidum is performed by hemagglutination (TPHA) or particle agglutination (TPPA) testing or, more recently, by enzyme immunoassay (EIA). EIA reading can be more easily automated, and no dilution series are necessary for positive samples. They are licensed. Comparability to particle agglutination assays is generally accepted [8, 9] , but mistrusted in some recent publications [10] .
After death, many changes take place in the blood. Antibodies are not as easily degraded as is e.g. HCV RNA [11] . Nevertheless, false-negative results in infectious disease testing are possible due to inhibiting substances, and falsepositive or false-negative results due to autolysis, hemolysis or bacterial growth. Most CE-marked test systems are not validated for testing postmortem blood.
In a previous study on serological testing for HIV, HBV, and HCV with blood samples taken up to 48 h after death, no In our opinion, the methodology described in the present study may be used as guidance for validation of serological testing for syphilis in postmortem blood samples.
